Continuum spectra covering centimetre to submillimetre wavelengths are presented for a northern sample of 104 extragalactic radio sources, mainly active galactic nuclei, based on four-epoch Planck data. The nine Planck frequencies, from 30 to 857 GHz, are complemented by a set of simultaneous ground-based radio observations between 1.1 and 37 GHz. The single-survey Planck data confirm that the flattest high-frequency radio spectral indices are close to zero, indicating that the original accelerated electron energy spectrum is much harder than commonly thought, with power-law index around 1.5 instead of the canonical 2.5. The radio spectra peak at high frequencies and exhibit a variety of shapes. For a small set of low-z sources, we find a spectral upturn at high frequencies, indicating the presence of intrinsic cold dust. Variability can generally be approximated by achromatic variations, while sources with clear signatures of evolving shocks appear to be limited to the strongest outbursts.
Introduction
In radio-loud active galactic nuclei (AGN), jets of relativistic matter emerge symmetrically from the core. Non-thermal radiation produced in the jets, rather than thermal emission from the accretion disk, dominates the spectral energy distributions (SEDs) of these kinds of sources. The SEDs typically consist of two broad-band bumps, the one at lower frequencies associated with synchrotron radiation, and the other at higher frequencies with inverse Compton (IC) radiation. There are usually several emission components simultaneously occurring in the jet, in addition to the quiescent jet. The "shock-in-jet" model (Marscher & Gear 1985; Valtaoja et al. 1992 ) describes the flow of plasma with shocks that locally enhance the emission.
Data
We use data within the frequency range 1.1-857 GHz. Planck frequencies and the radio observatories that participated in simultaneous multifrequency campaigns with Planck are listed in Table 2 . Supporting observations were taken within two weeks of the Planck scans. Archival radio data were retrieved from the database maintained by Metsähovi Radio Observatory.
For non-Planck data we imposed a signal-to-noise (S/N) constraint of 4, while for Planck data we applied the S/N threshold given in table 1 of Planck Collaboration et al. (2014) .
Planck data
Details of the characteristics of the Planck Low Frequency Instrument (LFI) and High Frequency Instrument (HFI) data and processing pipelines are to be found in Planck Collaboration II (2016) and Planck Collaboration VII (2016), respectively. Planck observed the whole sky twice in one year (Planck Collaboration VI 2014), therefore each source was typically observed every six months. The visibility period was usually several days, but depended on frequency and ecliptic latitude. We consider two weeks as a single pointing. Given the scanning strategy of the satellite, sources close to the ecliptic poles were observed more often and over a period of up to several weeks. For a small subset of sources, therefore, the Planck flux densities used in this paper are averages of several pointings over the source's visibility period in one Survey. The longest visibility period is approximately two months (seven sources). The start and end times of the visibility periods for all sources are shown in Table 3 , and the number of pointings within each Survey, for each frequency for sources with multiple pointings, is shown in Table 4 (both tables are published at the end of the paper.). These are all calculated with POFF.
The Planck flux densities used in this paper have been extracted from the full mission maps from the 2015 data release using the Mexican Hat Wavelet 2 source detection and flux density estimation pipelines in the Planck LFI and HFI Data Processing Centres. For LFI, data detection pipeline photometry (DET-FLUX) was used, while for HFI, aperture photometry (APER-FLUX) was used. The calibration of Planck is based on the dipole signal, and is consistent at approximately the 0.2% level (Planck Collaboration I 2016) . The systematic uncertainties of the absolute flux density scale are under 1% for the seven lowest frequencies and under 7% for the two highest. The overall uncertainties of the flux densities vary between 30 and 270 mJy, depending on frequency. See the Second Planck Catalogue of Compact Sources (Planck Collaboration XXVI 2016) and the references therein for further details.
Radio and submillimetre data
Six-frequency broadband radio spectra for 29 sources were obtained with the RATAN-600 radio telescope in transit mode by observing simultaneously at 1. 1, 2.3, 4.8, 7.7, 11.2, and 21.7 GHz (Parijskij 1993) . The parameters of the receivers are listed in Table 5 , where λ is the wavelength, f c is the central frequency, ∆ f is the bandwidth, ∆F is the flux density detection limit per beam, and BW is the beam width (full width at half-maximum in right ascension). The detection limit for the RATAN single sector is approximately 8 mJy (over a 3 s integration) under good conditions at the frequency of 4.8 GHz and at an average antenna elevation of 42
• . Data were reduced using the RATAN standard software FADPS (Flexible Astronomical Data Processing System) reduction package (Verkhodanov 1997) . The flux density measurement procedure is described by Mingaliev et al. (2001 Mingaliev et al. ( , 2012 . We use the data acquisition and control system for all continuum radiometers, as described by Tsybulev (2011) . The following flux density calibrators were applied to obtain the calibration coefficients in the scale by Baars et al. (1977): 3C 48, 3C 147, 3C 161, 3C 286, 3C 295, 3C 309.1, and NGC 7027 . The measurements of some of the calibrators were corrected for angular size and linear polarization following the data from Ott et al. (1994) and Tabara & Inoue (1980) . In addition, the traditional RATAN flux density calibrators J0237−23, 3C 138, J1154−35, and J1347+12 were used. The total error in the flux density includes the uncertainty of the RATAN calibration curve and the error in the antenna temperature measurement. The systematic uncertainty of the absolute flux density scale (3-10% at different RATAN frequencies) is also included in the flux density error. Centimetre-band observations were obtained with the University of Michigan 26-m paraboloid. This telescope was equipped with transistor-based radiometers operating at three primary frequencies centred at 4.8, 8.0, and 14.5 GHz, with bandwidths of 0.68, 0.79, and 1.68 GHz, respectively. Dual-horn feed systems were used at 8.0 and 14.5 GHz, while at 4.8 GHz a single-horn mode-switching receiver was used. Each observation comprised a series of 8 to 16 individual measurements obtained over a 25 to 45 minute time period using an on-off observing procedure at 4.8 GHz and an on-on technique (switching the target source between two feed horns closely spaced on the sky) at 8.0 and 14.5 GHz. Drift scans were made across strong sources to verify the pointing correction curves, and observations of nearby calibrators selected from a grid were obtained every 1-2 hours to correct for temporal changes in the antenna aperture efficiency. The adopted flux density scale was based on Baars et al. (1977) , and used Cas A as the primary standard. A systematic uncertainty of 4% in the flux density scale is included in the error bars.
The 15 GHz observations were carried out as part of a high-cadence gamma-ray blazar monitoring programme using the Owens Valley Radio Observatory (OVRO) 40-m telescope (Richards et al. 2011) . This programme, which commenced in late 2007, now includes about 1800 sources, each observed with a nominal twice-per-week cadence. The OVRO 40-m uses offaxis dual-beam optics and a cryogenic high electron mobility transistor (HEMT) low-noise amplifier, with a 15.0 GHz centre frequency and 3 GHz bandwidth. The two sky beams are Dicke-switched using the off-source beam as a reference, and the source is alternated between the two beams in an on-on fashion to remove atmospheric and ground contamination. Calibration is achieved using a temperature-stable diode noise source to remove receiver gain drifts, and the flux density scale is derived from observations of 3C 286 assuming the Baars et al. (1977) value of 3.44 Jy at 15.0 GHz. The systematic uncertainty of about 5% in the flux density scale is included in the error bars. Complete details of the reduction and calibration procedure can be found in Richards et al. (2011) .
The 37 GHz observations were made with the 13.7-m Metsähovi radio telescope using a 1 GHz bandwidth, dual-beam receiver centred at 36.8 GHz. The observations were on-on observations, alternating the source and the sky in each feed horn. The integration time used to obtain each flux density data point typically ranged from 1200 to 1400 s. The detection limit of the telescope at 37 GHz is approximately 0.2 Jy under optimal conditions. Data points with S/N < 4 were handled as non-detections. The flux density scale was based on Baars et al. (1977) , and was set by observations of DR 21. Sources NGC 7027, 3C 274, and 3C 84 were used as secondary calibrators. A detailed description of the data reduction and analysis is given in Teräsranta et al. (1998) . The error estimate in the flux density includes the contribution from the measurement rms and the uncertainty of the absolute calibration.
The flux density scale based on Baars et al. (1977) used in the aforementioned observations agrees reasonably well with the new scale proposed by Perley & Butler (2013) . The ratio of the two scales at the frequencies used is very close to 1 (see table 13 in Perley & Butler 2013) , and the differences are small compared to the measurement errors.
Statistics

Spectral indices
The near-simultaneous radio spectra of the sources in the sample for each observing epoch are shown in Figs. 1.1-1.104, presented at the end of the paper. Historical data, showing the range of variability for each source, are also included in the figures. In Paper I the radio to submillimetre spectra were fitted with two power laws to characterize the lower and higher frequency (LF and HF, respectively) part of the spectrum. As a better approximation of the spectra, León-Tavares et al. (2012) fitted them using a broken power-law model,
where α LF and α HF are the spectral indices for the LF and HF parts of the spectrum, and ν break is the break frequency. We apply the same model to the spectra of 104 sources obtained from the four Planck Surveys used in this paper. In order to characterize the spectra better, we consider only those sources observed at five or more frequencies during one Survey. The goodness of fit was tested based on a χ 2 distribution at 95% confidence level. Thus, we obtained acceptable estimates for 62, 60, 58, and 51 sources in Surveys 1, 2, 3, and 4, respectively.
From the fits we have calculated the LF and HF spectral indices. The break frequencies that separate the low and high frequencies have been determined from the fit. All parameters for all sample sources are available in Table 6 , presented at the end of the paper. Columns 1 and 2 give the source name and class. The spectral indices and break frequencies for each of the four Surveys are given in Columns 3, 4, 5, and 6. Figures 2, 3, and 4 show the distributions of the LF and HF spectral indices, and the break frequencies, respectively, for all four epochs. Some sources show a contribution of dust in their high frequency spectra, suggested by an upturn at the highest or two highest Planck frequencies in visual inspection (see also Sect. 6). Unfortunately the large error bars at the highest frequencies make quantifying the significance of the spectral upturns difficult. While for some sources the dust imprint seems unmistakable (see Table 7 ), up to a quarter of our sources may be suspected of dust contamination. For example, the spectrum of the first source in our sample, Article number, page 3 of 39 A&A proofs: manuscript no. Lahteenmaki_Planck_PIP_XLV Fig. 1. Radio spectrum of 0003−066: coloured stars, Planck data from four Surveys; coloured circles, data simultaneous to the Planck observations; grey circles, historical data; solid lines, broken power-law fits. The entire set of radio spectra for all 104 sources is shown in Figs. 1.1-1.104 at the end of the paper.
0003−066, flattens at the two highest frequencies, and the flux during the four epochs is constant within the error bars, consistent with a thermal origin. We have separated the evidently "dusty" sources in Table 7 from others in the relevant calculations and figures.
The average spectral index and break frequency values, and their standard deviations of the distribution for sources with no dust and the dusty sources are shown in Figs. 2 and 4. However, with the present data it is not possible to exclude with certainty the alternative non-thermal explanation, nor can we differentiate between Galactic foreground cirrus contamination and possible intrinsic cold dust. The issue is discussed in more detail in Sect. 6. Table 8 lists the average spectral indices and break frequencies for each AGN subclass. The dusty sources have been excluded from this table. As a consequence, the number of GAL sources was reduced to only four, and they were therefore left out of the table. The average low and high frequency indices of all Surveys of the GAL class are 0.337 and −0.617, respectively, while the average break frequency is 33.4 GHz.
The break frequencies of the spectra in Table 8 (see also Fig. 4 for the distribution) are remarkably high, tens of gigahertz. Practically all of the sources show strong variability, at least in the historical long-term flux density data, so none of them adhere to the original definition of a Gigahertz peaked-spectrum (GPS) source (O'Dea 1998, and references therein). For many of them the turnover frequency also changes from epoch to epoch, due to the various phases of activity.
The low frequency spectral indices are close to zero, as expected. The high frequency indices are approximately −0.5. The abundance of flat high frequency radio spectra we reported in Paper I can also be seen in these distributions. On average 42 % of the calculated high frequency indices are flatter than −0.5, while the spectral index of the canonical optically thin synchrotron spectrum is −0.7.
In Paper I we argued that the most likely explanation for the flat high frequency spectra is a quite hard intrinsic electron energy spectrum with a power-law index well below the canonical value of approximately 2.5. As Fig. 2 shows, the spectral index distributions do not range from −0.7 to −1.2, as would be expected from the canonical electron energy spectrum with consequent spectral steepening by energy losses; rather, the range of observed high frequency indices is from around −0.2 to −0.7, which would be expected from an electron energy spectrum index of approximately 1.5.
Differences between AGN types
There are significant statistical differences between the spectral properties of the AGN subclasses in Table 8 . While the distributions of the low frequency spectral index are compatible, the high frequency indices of BLOs and LPQs for all four epochs are drawn from different distributions, according to the KruskalWallis analysis of variances (P = 0.001-0.008 between Surveys). Also, for Survey 2, the HF indices of BLOs and HPQs are from different distributions (P = 0.001). As can be seen in Table 8 , the high frequency radio spectra of LPQs are clearly steeper than those of BLOs, indicating a possible difference in the energies of the electron population creating the spectra. A similar result was found in Hovatta et al. (2014) . There are no significant differences in the break frequencies, although they vary significantly between sources, which increases the uncertainty of the average values in Table 8 .
The spectral shapes are further illustrated in Fig. 5 , which shows the radio colour plots, i.e., the correlation of the two spectral indices. The plot area can be divided into quadrants, which represent different spectral shapes: inverted (upper right); peaking (lower right); steep (lower left); and upturn (upper left). The sample sources are concentrated in the low-α HF part of the plots, as can be expected when the high frequency radio index is calculated up to the submillimetre domain. The low frequency indices are scattered around the zero line, including both rising and setting spectra. There are a few sources that have a rising high frequency spectrum, as can be seen in Fig. 5 . The galaxy appearing in the "upturn" quadrant in Survey 1 is 0238−084. Its spectrum has little variability between surveys, and truly appears to have an upturn in Fig. 1 .14. Indeed, the core of this source has been found to be heavily obscured (Vermeulen et al. 2003; Kadler et al. 2004 ). The HPQ in the "inverted" quadrant in Survey 4 is 0736+017. The source passes through the "peaking" and "upturn" phase in Surveys 1 and 3. Thus, the later inverted spectra are likely to be caused by passing synchrotron blobs. The same is true for HPQ 0906+430, which showed upturn shapes in Survey 3; it exhibits a negative α HF in other surveys, although not very steep, generally above −0.5.
Behaviour of flaring sources
Shocked jet models
Ever since the first models were put forward in the 1980s (Marscher & Gear 1985; Hughes et al. 1985) , the most favoured description for the variations in spectral shape and total flux density (TFD) in the radio regime has been in terms of growing and decaying shock-like disturbances in a relativistic jet. This behaviour, originally seen and modelled in 3C 273 (Marscher & Gear 1985) , has been found to describe quite well a number of sources and flares. In particular, the predicted motion of the shock turnover peak from higher to lower frequencies and the time delays have been found to be in agreement with the predictions of the shocked jet models (e.g., Valtaoja et al. 1988; Stevens et al. 1995; Hovatta et al. 2007; Hovatta et al. 2008; Nieppola et al. 2009) TFD and polarization data at 4.8, 8.0, and 14.5 GHz using a shocked jet model code has been quite successful (Hughes et al. 1985; Aller et al. 2002 Aller et al. , 2014 . Furthermore, it has also been found that the zero epochs of the VLBI components correspond to the times when the millimetre TFD starts to rise, and that the variable TFD flux agrees with the corresponding VLBI component flux (Savolainen et al. 2002) . Finally, the similarity of the TFD flares seen in centimetre-and millimetre-wave monitoring programmes has been argued to be a strong indication that all the radio variations have the same physical origin in growing and decaying shock-like structures propagating down the radio jet.
As is well known from AGN monitoring programmes, it is only rarely that we see a single, isolated radio flare without fine structure or superposition with other older and younger flares (e.g., Hovatta et al. 2007) , as is also apparent in the discussion of the individual sources below. During a Planck Survey snapshot, the observed radio spectrum is therefore virtually always a sum of several spectral components, including the contribution from the underlying radio jet spectrum. The sampling time of Planck, approximately once in every six months, is typically too sparse to follow the evolution of a flare from the beginning to the end, even for those sources that were flaring during the Planck mission . For most of our sources, we therefore do not see clear evolving shock signatures. In a few cases, the Planck observations cover a strong radio flare seen in the Metsähovi monitoring. In these cases we do see the expected new spectral component in the SED, with the spectral peak moving from higher to lower frequencies during subsequent survey epochs, as discussed below.
We limit our discussion here to the five sources with the most "pure" flaring occurring during the four Planck Surveys, namely 0420−014 (OA 129), 0851+202 (OJ 287), 1156+295 (4C 29.45), 1226+023 (3C 273), and 2251+158 (3C 454.3) , and discuss whether their behaviour is compatible with the shocked jet models. They all have a particularly well-sampled flaring event at 37 GHz during the Planck survey periods, and also have good multifrequency spectra for all four Surveys. In addition we have used Table 8 . Average spectral indices at low, high, and break frequencies, excluding the dusty sources. N is the total number of sources in each class.
Survey 1
Survey 2 densities of compact extragalactic radio sources that can be used as calibrators at millimetre wavelengths (Gurwell et al. 2007 ).
Observations of available potential calibrators are from time to time observed for 3 to 5 minutes, and the measured source signal strength calibrated against known standards, typically Solar system objects (Titan, Uranus, Neptune, or Callisto). Data from this programme are updated regularly and are available at the SMA website. The 37 GHz flux curve from Metsähovi and the 1.3 mm and 870 µm flux density curves from SMA for the five sources are shown in Figs. 6-10. The epochs of the four Planck Surveys are marked with vertical lines. We analyse these sources in more detail in the following subsections.
0420-014 (OA 129)
There is a clear, symmetric flare in the 37 GHz flux curve, starting in late 2008 and lasting until early 2011 (Fig. 6 ). The measured maximum flux density, reached in January 2010, was 10.5 Jy. Planck Surveys 1 and 2 occur at both sides of the peak, Survey 3 takes place during the flare decline, and at the time of Survey 4 the flux density has returned to normal. This trend is quite clear throughout the multifrequency spectra in Fig. 1 .21. Surveys 1 and 2 sample the highest flux densities in all frequencies, Survey 3 is slightly lower, and Survey 4 gives the faintest multifrequency spectrum. The spectral turnover can be discerned moving towards lower frequencies with decreasing flux density, and the optically thin spectrum steepens from epoch 1 to 4. Therefore we conclude that this source follows the Marscher & Gear model well. See also Aller et al. (2014) for detailed modelling of this flare at 4.8, 8.0, and 14.5 GHz.
0851+202 (OJ 287)
During the Planck observing period, this source had its strongest observed flare at 37 GHz, reaching 15.7 Jy (Fig. 7) . Survey 1 occurred during its rise, and Survey 2 during its decay. Surveys 3 and 4 occurred at an active stage following the strong flare, with several quite intensive (roughly 8 Jy) outbursts. Adhering to the shock model, the multifrequency spectrum of epoch 1 peaks at the highest frequencies and is the brightest. The steepening of the optically thin spectrum due to energy losses can be detected in the Survey 1 spectrum. The spectrum during Survey 2 features the flare decay stage, having a negative spectral index throughout. The spectra of epochs 3 and 4 are yet again brighter, and peak around or slightly below 37 GHz. See Aller et al. (2014) for detailed modelling of this flare at 4.8, 8.0, and 14.5 GHz. 
1156+295 (4C 29.45)
1156+295 also has a well-sampled radio flare during the Planck survey period (Fig. 8 ). The first two Surveys sample the rising phase, and the last two Surveys occur in the decay stage. The flux density curves look quite smooth, but the multifrequency spectra reveal the presence of several flaring components, especially during Survey 1. The structure of the flare has been studied in great detail in Ramakrishnan et al. (2014) . During the active phase in 2007-2012, the flaring consists of four moving and one stationary component in the jet. The Survey 1 spectrum is the most complicated, and the spectrum becomes smoother towards Survey 4. See Aller et al. (2014) for detailed modelling of this flare at 4.8, 8.0, and 14.5 GHz.
1226+023 (3C 273)
This source clearly shows the passing of a flare-inducing blob in its multifrequency spectra, particularly in Surveys 1 and 2. In Survey 1 there is a distinct bump in the spectrum, caused by the rising flare at 37 GHz occurring at the same time (Fig. 9 ). The 1.3 mm flux density is already decreasing during Survey 1. In the Survey 2 spectrum, the bump can still be discerned below 100 GHz, even though the flare is already decreasing at 37 GHz as well. In Surveys 3 and 4, it has faded away, and the spectrum has returned to its steep form in the quiet stage. For a multiwavelength analysis of this source during the Planck Surveys see, e.g., Jorstad et al. (2012) .
2251+158 (3C 454.3)
3C 454.3 was another source to undergo its strongest observed 37 GHz flare during the Planck Surveys (Fig. 10) . The flare had a complex structure, both at 37 GHz and 1.3 mm, and reached 44.2 Jy at 37 GHz in early 2011. Survey 1 sampled its rise, Surveys 2 and 3 its complex multicomponent peak, and Survey 4 the late decline stage. The multifrequency spectra showcase the essence of the Marscher & Gear model. The spectrum peak moves to lower frequencies from Survey 1 to 2, and Survey 3 samples the highest flux densities close to the peak of the flare. Due to another synchrotron component, the spectrum peak is again at higher frequencies compared to Survey 2. In Survey 4, the flare is decreasing, the flux density has dropped, and the peak has moved to around 10 GHz from approximately 100 GHz in Planck Collaboration: Planck spectra of extragalactic radio sources 
Alternative models for variability?
Although the variability in our five example sources can be argued to be compatible with the shock behaviour predicted by the basic Marscher & Gear model, it is worthwhile to discuss alternative models. In most other sources, the variability behaviour seems to be approximately achromatic, with the fluxes at all frequencies except the very lowest ones either rising and decreasing simultaneously. However, an earlier study (Angelakis et al. 2012 ) with data over 4.5 years (including also millimetre wavebands) found that only eight out of 78 sources show achromatic variability.
Until now, the vast majority of AGN radio monitoring has been limited to relatively low frequencies, even though studies such as Tornikoski et al. (1993 Tornikoski et al. ( , 2000 and Hovatta et al. (2008) also used data up to 230 GHz. Consequently, the comparisons with shocked jet models have also been done at low frequencies, and have mainly considered the strongest radio flares, those which also produce visible VLBI components emerging from the radio core.
A plausible working hypothesis is that the shocked jet description is a valid approximation for the strongest disturbances, which survive to emerge from the radio core and continue to propagate downstream as something that can be approximated with a single shocked portion of the jet. We note that the flaring epochs described above are, for each of the five sources, among the strongest seen in these sources during the 30+ years of Metsähovi monitoring.
Multifrequency observations (e.g., Marscher et al. 2008 ) and comparisons with VLBI data (e.g., Savolainen et al. 2002) have demonstrated that the less extreme variations take place mainly within the radio core itself, or even upstream of it. The structure of the radio core is under debate, as are the processes that occur when a disturbance moving down the jet passes through it. One possibility is the turbulent extreme multi-zone model (TEMZ; Wehrle et al. 2012; Marscher 2014) , in which a number of random cells are shocked by a disturbance passing through a standing conical shock, identified as the radio core. The observed flux density is the sum of radiation from the individual cells. Due to the stochastic nature of the TEMZ, the flux density variations can be essentially achromatic even over a very wide frequency range, as shown by model simulations (Fig. 3 in Marscher 2014 and priv. comm.) . In Wehrle et al. (2012) , the TEMZ model was successfully applied to an outburst in 3C 454.3, during which the multifrequency variations, in particular from 10 11 to 10 15 Hz, appeared to be nearly simultaneous. In many cases the TEMZ model may thus be a better overall description of the radio SED behaviour as seen by Planck. For example, in 0716+714 the overall flux densities change by a factor of 3, and in 1253−055 by a factor of 2, but the shapes of the radio spectra remain unchanged within the observational error bars. This is very similar Article number, page 9 of 39 A&A proofs: manuscript no. Lahteenmaki_Planck_PIP_XLV Geometric variability -changes in the jet direction -can naturally produce achromatic variations through changes in the Doppler boosting factor. Such models have been proposed to explain the radio variability in a number of sources (e.g., Raiteri et al. 2012; Chen et al. 2013) . However, geometric models in general predict regularities (either periodicity or repetitive variability patterns) that have never been observed over longer timescales (Chen et al. 2013) . A kink in the jet will produce a change in the overall flux density levels, but not spectral variability moving up and down.
Finally, achromatic variability can also arise naturally during shocks, at high frequencies (above the spectral turnover), where the source is optically thin and the fluxes therefore rise and fall in unison (Valtaoja et al. 1992 ).
Rising high frequency spectra
Looking at our radio spectra, it is obvious that some sources show a clear upturn at the highest or two highest frequencies (see also Sect. 4.1). The most likely reason for the upturns in most sources is contamination of the flux densities by Galactic cirrus clouds with temperatures from 15 to 25 K. This interpretation is in accordance with the ν 3 to ν 4 spectral index (estimated by removing the synchrotron component extrapolated from lower frequencies), typical for Galactic cirrus clouds, and the estimated temperature for the sources where archival IRAS and other data impose upper limits to mid-infrared fluxes, restraining the range of possible temperatures and fluxes for cold thermal components.
As we noted in Paper I, even the most luminous known infrared-emitting AGN dust components would be completely swamped by the non-thermal radiation at the typical redshifts of our blazars. However, there remains the possibility that some blazar-type AGN could have extreme amounts of cold dust, detectable at the highest Planck frequencies. In the commonly accepted evolutionary scenario, the starburst phase preceeds the AGN phase. Starburst galaxies typically contain copious amounts of dust, and in the AGN phase some blazars may consequently still have detectable dust components.
We originally looked at the seven most promising candidates with clearly rising high frequency spectra. These sources, and their redshifts and optical classes, are listed in Table 7 . The highz objects unfortunately lie in poor, confused foreground areas, based on IRAS and Herschel data, and have cirrus flags in the Planck Catalogue of Compact Sources (Planck Collaboration et al. 2014) , with the possible exception of 2037+511. However, in sources with the lowest redshifts, detected previously in the mid-infrared, and located in unconfused areas, the highest Planck frequency upturns indeed could be due to the coldest intrinsic dust component, around 20 K.
For the three low-z sources, 0238−084 (NGC 1052), 0415+379 (3C 111), and 0430+052 (3C 120), archival IRAS and other infrared data allow us to delineate the whole spectrum of this IR component. It can be roughly fitted with a single 15-K heated dust component (corresponding to log ν peak = 12.2, Planck Collaboration: Planck spectra of extragalactic radio sources or 200 µm). For all three sources, archival mid-infrared data indicate the presence of warmer dust components that cannot be due to Galactic cirrus clouds. Therefore, the roughly 20 K components in these sources may indeed be intrinsic as well. This possibility requires further study. For example, Malmrose et al. (2011) detected dust using observations from the Spitzer Space Telescope in two AGN also included in our sample, namely 4C 21.35 (1222+216) and CTA 102 (2230+114) . In the first source we do not see an upturn, but in the second one a small upturn is visible. However, our Planck data are from a considerably lower frequency range than Spitzer's.
Conclusions
We have presented four-epoch radio-to-submillimetre spectra using simultaneous Planck and auxiliary data for a complete flux-density-limited sample of 104 northern-to-equatorial bright extragalactic radio sources. Our main conclusions from this unique data set are the following.
1. The flattest high frequency radio spectra have indices close to zero, and most range between −0.2 and −0.7. This indicates that the original electron acceleration spectrum index is quite hard, 1.5 instead of the canonical 2.5. 2. Statistical differences between AGN subclasses are significant at high frequencies, particularly between BLOs and LPQs. 3. The radio spectra of these sources peak at remarkably high frequencies, tens of gigahertz. Most of them are highly variable, and for many the peak frequency also shifts with variability. 4. Although we see signatures of evolving shocks in the strongest radio flares, much of the high frequency variability may be better approximated by achromatic variations. Such variability is predicted by the recent TEMZ model, although other explanations are also possible. 5. We have found indications of intrinsic cold dust in low-z AGN. A number of more distant AGN show an upturn at the high frequency end of their radio spectra that is most likely due to contamination from cold Galactic cirrus clouds, although we cannot exclude intrinsic dust contributions in some cases.
A more comprehensive scientific analysis of this data set, with spectral energy distributions that include high frequency data (optical, UV, X-ray, and gamma-ray data) will be published in a subsequent paper. A&A proofs: manuscript no. Lahteenmaki_Planck_PIP_XLV Planck Collaboration: Planck spectra of extragalactic radio sources Source S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 
